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(57) Abstract: A digital imaging method, in which 
the object being imaged is irradiated and the radia- 
tion is detected by means of semiconductor sensors 
(1), covering an area which is smaller than the im- 
age-forming surface. The semiconductor sensors (1) 
are arranged in such a way that the image-forming 
surface can be imaged in two irradiations by moving 
the semiconductor sensors (1) between the irradia- 
/ tions. The radiation can be limited to the area cov- 
ered by the sensors (1) by means of collimators (4). 
The semiconductor sensors (1) are arranged to form 
advantageously rectangular bars (2), which comprise 
several semiconductor sensors (1) in the form of one 
or two columns, in which the bars (2) are arranged 
advantageously at a distance from one another, the 
said distance between the bars being at most equal 
to the width of the active area of the semiconductor 
sensors of the bars. 
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Method and apparatuses for digital imaging 

The object of the invention is a digital imaging method, in 
which method the object being imaged is irradiated and the ra- 
diation is detected by means of semiconductor sensors covering 
an area which is substantially smaller than the image-forming 
surface . 

Further objects of the invention are apparatuses for digital 
imaging, in which imaging a radiation source is used for irra- 
diating the object being imaged, and semiconductor sensors are 
used for detecting the radiation, whereby the area covered by 
the semiconductor sensors is substantially smaller than the im- 
age-forming surface. A special object of the invention is a 
mammography apparatus applying this technology. 

Different imaging methods are used for a variety of applica- 
tions. In imaging applications relating to medicine and bio- 
technology, among others, x-ray, gamma or beta radiation is 
typically passed through the object being imaged and further 
onto an image-forming surface. In recent years, alongside con- 
ventional film-based imaging methods digital imaging systems 
have been developed, the said digital imaging methods using 
semiconductor sensors such as CCD sensors (Charge Coupled De- 
vice) or CMOS sensors (Complementary Metal -Oxide Semiconductor) 
as the image -forming surface. 

Mammography is a typical area of application of digital imaging 
relating to medical technology which requires a large image- 
forming surface, typically at least of 18 x 24 cm, and also 
high resolution. In mammography, strict limits are also set for 
acceptable exposure to radiation. Mammographic imaging also re- 
quires an image -forming surface, whose active area extends on 
three sides as close to the outer edge of the imaging area as 
possible, in order that the chest and both armpits can be posi- 
tioned for imaging in such a way that as much tissue as possi- 
ble can be imaged. 



WO 00/36820 



2 



PCI7FI99/01028 



Semiconductor sensors are typically made of silicon. One disad- 
vantage of this type of sensor is its high price, since with 
the increase in size of the sensor, the cost of its manufacture 
per surface area increases exponentially. The manufacture of 
5 one semiconductor sensor thus becomes extremely expensive in 
applications requiring an extensive image- forming surface. 

Attempts have been made to avoid the above problem by producing 
the image -forming surface in a mosaic- like manner from several 

10 smaller semiconductor sensors as described, for example, in GB 
patent publication 2 305 096. In this type of solution, it be- 
comes a problem to obtain a uniform image- forming surface, 
since one side of a rectangular semiconductor sensor is typi- 
cally reserved for control couplings. This means that all sides 

15 of the sensor cannot be connected to the active area of another 
sensor, but there will always remain a small gap between them. 
To compensate for the disadvantages caused by the gaps, various 
solutions based on lenses or fibre optics can be used, but the 
disadvantage of lenses is their poor efficiency and the use of 

20 fibre optics incurs major additional costs. In some applica- 
tions, attempts have been made to solve the problem by produc- 
ing a sensor with a extensive surface by means of a semiconduc- 
tor technique based on amorphous silicon, but the resolution 
obtainable in this manner is not sufficient for medical appli- 

25 cations requiring a high level of accuracy, as mammography. 

A known solution for obtaining a wide image- forming surface is 
to arrange semiconductor sensors in a chessboard- like fashion 
in rows and columns so that essentially every other chessboard 

3 0 pattern square comprises a semiconductor sensor in such a way 
that in one direction, for example parallel to the rows, the 
sensors extend beyond the chessboard pattern square, and corre- 
spondingly in the orthogonal direction, that is, parallel to 
the columns, there remains a gap between the sensors. In such a 

3 5 case the semiconductor sensor assembly is arranged to be mobile 
- in a way that the assembly can be moved twice in the direc- 
tion where there is a gap between the sensors, and the sensor 
assembly is irradiated in the initial position and after both 
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moves of the assembly. In this way the area covered by the sen- 
sor assembly as a whole - excluding the squares remaining on 
the edges of the image -forming surface - can be imaged by three 
exposures . 

5 

The problem with the above arrangement is that the sensor as- 
sembly has to be moved and stopped for as many as three differ- 
ent exposures. This means that the mechanical structure of the 
imaging apparatus becomes difficult to implement, the frequent 
10 exposures place a load on the radiation source, and the imaging 
time is prolonged. 

To avoid excessive exposure to radiation, in medical applica- 
tions it is often necessary to arrange for collimation, that 

15 is, by means of shadowing, to limit radiation at any time only 
to the area covered by the sensors. The implementation of col- 
limation then causes a problem area of its own. Since, for ex- 
ample, a typical x-ray source focal spot is not an infinitely 
small point, but has finite dimensions, for example, of the or- 

20 der 0.3 x 0.3 mm, depending on the structure of the equipment, 
a half -shadowed area a few millimetres wide is formed at the 
edges of the radiation field, in which area radiation is incom- 
plete. Because of this, collimation must be planned so that 
there is a certain amount either of overlap or shortfall at the 

2 5 edge areas, in other words that the areas being imaged either 

overlap to some extent, or that there is no overlap. However, 
when the chessboard pattern according to the prior art is used, 
the overlap causes the radiation dose to double in the lattice- 
like area, at points even to triple, in the object being im- 

3 0 aged, and the shortfall on the other hand forms a lattice-like 

area in the image being formed, which area has less image in- 
formation than elsewhere, or where it is completely lacking. 

The edge areas of the image -forming surface constitute a fur- 
3 5 ther problem, since they cannot be irradiated completely. Empty 
squares remain on the edges of the image -forming surface, that 
is, image information is obtained only from the area of every 
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other square, in which case the edges of the image- forming sur- 
face form a kind of castellated pattern. 

The aim of the invention is to develop an imaging method and 
5 apparatuses for implementing the method in such a way that the 
foregoing problems can be solved, or at least the disadvantages 
caused by them can be diminished. These aims are achieved by 
means of the method and apparatuses, whose characteristic fea- 
tures are defined in the enclosed claims, especially in the 
10 characterising parts of the independent claims. 

The aims of the invention are achieved especially by arranging 
the semiconductor sensors so that the entire image-forming sur- 
face can be imaged by means of two irradiations, moving the 
15 semiconductor sensors only once between the two irradiations. 

According to one advantageous embodiment of the invention, the 
semiconductor sensors are arranged so as to form a bar having 
essentially the shape of a rectangle, so that the said bar com- 
2 0 prises several semiconductor sensors - in either one or two 
columns. The couplings for controlling the semiconductor sen- 
sors, and the other couplings needed, are then preferably situ- 
ated on one side of the sensor. 

2 5 According to a further advantageous embodiment of the inven- 

tion, the said bars are arranged at a distance from one another 
to form a sensor matrix so that the distance between the bars 
is at most equal to the width of the active area of the semi- 
conductor sensors of the said bars . 

30 

The invention is based on arranging the semiconductor sensors 
in such a - preferably rectangular - form that by moving the 
semiconductor sensors from the first position to the second po- 
sition and by irradiating the object to be imaged in both posi- 

3 5 tions, the entire image- forming surface can be covered, which 

means that by combining these two images a uniform image of the 
entire image- forming surface is obtained. By means of a colli- 
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mator matrix it is possible in both positions to limit radia- 
tion only to the area covered by the semiconductor sensors. 

An advantage of the method and apparatus according to the in- 
5 vent ion is the easily implemented mechanical structure as re- 
gards both the sensor assembly and collimation. The sensor and 
collimator assembly can also be made plain to align and of ro- 
bust structure- As the number of exposures decreases, the ther- 
mal stress on the radiation source also decreases, on account 

10 of which the cooling of the radiation source does not consti- 
tute a significant problem, nor is it necessary to wait for the 
radiation source to cool, which would slow down imaging work. 
The time spent on imaging a single object is also reduced since 
the entire image- forming surface can be covered by just two ex- 

15 posures. Furthermore, the empty squares at the edge of the im- 
age-forming surface are eliminated, that is, straight edges are 
obtained for the image- forming surface, and the disadvantages 
caused by collimation described above are also less significant 
than in prior art solutions. 

20 

The invention is described in greater detail below with the 
help of its advantageous embodiments and with reference to the 
enclosed figures, of which figures 

25 Figure 1 shows, by way of an example, an embodiment of the in- 
vention in the context of mammographic imaging, 

Figure 2a shows one advantageous structure of the sensor bar, 

3 0 Figure 2b shows another advantageous structure of the sensor 
bar, 

Figure 3 shows one advantageous structure of the sensor ma- 
trix, and 

35 

Figure 4 shows one advantageous way of forming a sensor bar. 
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In Figure 1, the application of the invention is described by 
way of an example in the context of mammographic imaging, but 
the invent ion may obvious ly also be used for any other corre - 
sponding digital imaging . According to Figure 1 , the semicon- 
5 ductor sensors 1 are arranged to form essentially rectangular 
sensor bars 2, which sensor bars 2 form a mobile sensor matrix 
3 . The sensor bars 2 are arranged in the sensor matrix 3 in a 
fixed position with respect to one another, so that between the 
sensor bars 2 remains a vacant area narrower than a sensor bar 

10 2. Collimation is carried out by means of essentially rectangu- 
lar collimators 4 , which then form a mobile collimator matrix 
5, in which the collimators 4 are placed in a fixed position 
with respect to one another. The collimator matrix 5 is posi- 
tioned for imaging in such a way that the collimators 4 shadow 

15 the vacant areas between the sensor bars 2 of the sensor matrix 
3, as seen from the radiation source 6, in which case no radia- 
tion will be focused on these areas . The collimator construc- 
tion can be situated, as in Figure 1 , either in the immediate 
vicinity of the object being imaged or at a distance from it - 

2 0 even in the immediate vicinity of the radiation source. The ob- 
ject 7 being imaged, in mammography typically the breast, is 
placed between the collimator matrix 5 and the sensor matrix 3 
and the object is irradiated with the radiation from the radia- 
tion source 6. The semiconductor sensors 1 detect the radiation 

2 5 they receive, on the basis of which digital image information 

is formed with the help of a sample and hold circuit 8 and an 
analog-to-digital converter 9. If necessary, the image informa- 
tion can be edited further, for example, to compensate for dark 
current and possible non-linearities. The image information is 

3 0 transmitted further either to processing means 10 or memory 

means 11. After this, and with the object 7 being imaged still 
remaining in the same position, the sensor matrix 3 is moved in 
the sideways direction so that the sensor bars 2 will cover es- 
sentially the same areas where the vacant areas between sensor 
3 5 bars 2 were situated before the move. In mammography, the ob- 
ject 7 being imaged, that is, the breast, is kept in place with 
the help of pressing means (not shown) . The collimator matrix 5 
is moved correspondingly so that the collimators 4 then shadow 
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the vacant areas between the sensor bars 2 conforming to the 
new position of the sensor matrix 3. The object 7 being imaged 
is irradiated for a second time with the new settings of the 
sensor matrix 3 and collimator matrix 5, and the image informa- 
5 tion formed on the basis of the second irradiation is combined 
with the image information formed on the basis of the first ir- 
radiation in the processing means 10. By means of two irradia- 
tions, therefore, an image of the entire image -forming surface 
can be obtained. 

10 

With the solution described above considerable advantages are 
achieved with respect to the prior art. The mechanical struc- 
ture according to the invention is easier to implement as re- 
gards both the sensor matrix and collimation. The sensor matrix 

15 formed of rectangular sensor bars is plain to align and has a 
robust structure. The collimator matrix is also easy to con- 
struct and it is easy to align with respect to the sensor ma- 
trix. Furthermore, as the object being imaged is only irradi- 
ated twice, the load on the radiation source decreases, which 

20 prolongs its service life and speeds up the imaging work, be- 
cause the need to cool the radiation source is lessened, and 
the time spent on imaging a single object is also shortened. 

Compared with a uniform image- forming surface, the arrangement 
25 relating to the invention requires only half of the active sur- 
face area of the semiconductor sensors. On the other hand, when 
using, for example, CMOS sensors, the invention can, if so de- 
sired, be realised so that no arrangement based on lenses or 
fibre optics will be needed to compensate for the gaps between 
3 0 the semiconductor sensors. 

As the sensor and collimator matrix are only moved once, the 
accuracy of a move carried out in only one direction needs to 
be looked after. It is, therefore, possible to dimension and 
35 align the collimator matrix in such a way that the overlap of 
the areas being irradiated is significantly reduced, and thus 
the disadvantages of collimation are diminished in comparison 
to known solutions. 
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The final formation of a digital image can be carried out by 
connecting the imaging equipment with a computer, in which case 
the computer's memory and processing means can be utilised. The 
processing means 10 relating to Figure 1 can also be realised, 
5 for example, by a dedicated Application Specific Integrated 
Circuit (ASIC), to which are connected memory means 11, for ex- 
ample, a FLASH memory. The formation of final image information 
is known as such to a person skilled in the art, and its more 
detailed description is not necessary for the implementation of 
10 the invention. 

According to one advantageous embodiment of the invention, the 
sensor bars 2 to be placed in the sensor matrix 3 are formed of 
semiconductor sensors 1, which are substantially smaller than 

15 the sensor bars 2. Figures 2a and 2b show two advantageous ways 
of arranging the semiconductor sensors 1 to form a sensor bar 
2. In both figures, the sensor bar 2 comprises semiconductor 
sensors la, lb, . . . , which are arranged to form a rectangular 
sensor bar 2 . A typical semiconductor sensor In comprises an 

2 0 active area A, which is used for detecting the radiation re- 
ceived, and a coupling area K, through which the control sig- 
nals of the sensor In and the charge readout, that is, in this 
case the collection of image information, are transmitted. In a 
semiconductor In, at least one side is typically reserved for 

2 5 the coupling area K, and thus the semiconductor sensor In can 

advantageously be connected to another semiconductor sensor In 
on three sides, as shown in Figure 2b, if it is desirable that 
the active areas of the sensors form a uniform surface. The 
sensor bar 2 can thus be formed of either one (1 x N) or two (2 

3 0 x N) columns of semiconductor sensors In. The distance between 

sensor bars 2 in the sensor matrix 3 is determined on the basis 
of the width #A of the active area A of the semiconductor sen- 
sors 1 used, in other words, the maximum distance between the 
sensor bars 2 can, in the case of single column sensor bars 2, 
35 equal the width #A of A (Figure 3), or in the case of sensor 
bars with two columns, 2 x the width of A, that is, 2 x #A. 
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When the sensor bar 2 is formed of semiconductor sensors In 
which are substantially smaller than the sensor bar 2, no large 
and therefore expensive semiconductor sensors are required. 
Further cost savings ensue from the fact that if a single semi- 
5 conductor sensor In is damaged, it can be replaced without hav- 
ing to replace the entire sensor bar 2 . 

Figure 3 shows an advantageous manner of arranging the sensor 
bars 2 according to the invention, so that the image -forming 

10 surface is made as large as possible and the edges of the im- 
age-forming surface become uniform. The sensor bars 2 consist 
of one column (1 x N) of semiconductor sensors In, in which 
case the outermost sensor bars 2 are placed so that the cou- 
pling area K of the semiconductor sensors In is placed towards 

15 the inside of the sensor matrix 3. The image- forming surface 
will then extend over the entire area covered by the sensor ma- 
trix 3 and the so-called castellated pattern will not be formed 
on the edges of the image-forming surface. The positioning of 
the coupling areas of the sensor bars 2 inside the sensor ma- 

20 trix 3 may be selected freely, provided that the vacant areas 
between the sensor bars are correctly dimensioned. The sensor 
bars 2 may obviously also be formed of two columns (2 x N) of 
semiconductor sensors In, but if the outermost sensor bars 2 
are also formed in this manner, the active area of the sensor 

2 5 matrix 3 cannot be made to extend sideways all the way to the 

edges of the image-forming surface. 

An application of the invention may obviously also be envisaged 
where a sensor matrix is constructed of different types of sen- 
30 sor bars, that is, for example sensor bars with active areas of 
varying widths, one or two columns, having coupling areas on 
opposite sides and/or even sensor bars based on different tech- 
nologies. However, and especially if this type of sensor bar is 
used in applications where radiation has to be limited to the 

3 5 sensor matrix area, some of the advantages obtained with the 

invention may be lost. 
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According to one advantageous embodiment of the invention, the 
movements of the collimator matrix and sensor matrix are not 
connected to each other, but each matrix is moved separately. 
This is preferably done by first moving the sensor matrix into 
5 its new position and then aligning the collimator matrix ac- 
cording to the sensor matrix. The invention may, however, natu- 
rally also be implemented so that the movements of the collima- 
tor matrix and sensor matrix are synchronised. 

10 The movement of the sensors and/or collimators may be carried 
out, for example, by means of solenoids or separate servomo- 
tors. The use of a solenoid is especially recommended since it 
is an economical, accurate and reliable component. The inven- 
tion particularly makes it possible to use solenoids since, ac- 

15 cording to the invention, the sensors and/or collimators need 
to be moved only between two positions. 

According to one advantageous embodiment of the invention, the 
semiconductor sensors are CMOS sensors based on direct detec- 

2 0 tion of radiation, the said sensors having certain advantages 

compared with conventional semiconductor sensors. With the CMOS 
sensors improved resolution is achieved compared with conven- 
tional semiconductor sensors and due to the parallel bus type 
data transfer, they enable more rapid transfer of image infor- 
25 mation. CMOS technology is the most widely applied semiconduc- 
tor technology, which means that the availability of CMOS cir- 
cuits is good, and their production costs will fall as the 
technology develops . 

3 0 Figure 4 shows an advantageous way, in accordance with the in- 

vention, of forming the sensor bar of CMOS sensors. The CMOS 
sensors 13, 14,... are connected to a preferably rectangular 
radiation detector 12 with substantially the same external di- 
mensions as the bar. The detector 12 is preferably made of 
35 doped silicon (Si) or a cadmium zinc telluride compound 
(CdZnTe) . Between the top and bottom surfaces of the detector 
is generated a biasing voltage Ur, by means of which the charge 
generated by the radiation is collected to the nearest pixel. 
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The charge generated is transmitted to the CMOS sensors 13, 14, 
which are connected to the detector 12, preferably by means 
of microscopic ball conductors, that is, by means of so-called 
bump bonding. In the coupling area of the CMOS sensors, control 
5 signals can be fed to the sensors and the radiation detected 
can be read by means of pins at the end of the sensors, for the 
purpose of forming image information. The detection of radia- 
tion by means of CMOS sensors is known as such to a person 
skilled in the art. 

10 

In accordance with the invention, semiconductor sensors known 
as such, which are based on the use of lenses or fibre optics, 
can obviously also be used, in which case the coupling areas 
can also be located in the three-dimensional structure of the 
15 sensor on a surface that allows the whole width of the sensor 
to be utilised as an active radiation-detecting area. This 
means, however, that some of the advantages achieved with the 
invention are at the same time lost. 

2 0 Although the invention is described above by way of an example 
in the context of mammography, it can obviously also be used in 
connection with any other similar imaging application. In ac- 
cordance with the invention, any radiation that is detectable 
by semiconductor sensors can be used. 

25 

The invention is particularly useful in imaging applications 
relating to medical technology, where x-ray or gamma radiation 
is typically used, and in biotechnical applications where beta 
radiation is typically used. The invention is furthermore ap- 
30 plicable to industrial testing and quality control methods 
utilising radioscopy. 

It is obvious to a person skilled in the art that as technology 
develops, the basic idea of the invention can be implemented in 
35 various ways, which means that its different embodiments are 
not limited to the foregoing examples, but may vary within the 
scope of protection defined in the enclosed claims. 
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Claims 

1. A digital imaging method, in which method the object being 
imaged is irradiated and the radiation is detected by means of 
semiconductor sensors, which comprise an active area, and in 
their three-dimensional structure an area or areas for control 
couplings, whereby the area covered by the semiconductor sen- 
sors is substantially smaller than the image-forming surface of 
the object being imaged, characterized in that the object 
being imaged is irradiated twice and the semiconductor sensors 
are moved to a new position between the irradiations, in which 
case the sensors are arranged to cover the image- forming sur- 
face so that the entire image- forming surface can be imaged. 

2. An imaging method as claimed in claim 1, characterized 
in that the coupling area of the semiconductor sensor is ar- 
ranged on one of its sides. 

3. An imaging method as claimed in claim 1 or 2, character- 
ized in that the semiconductor sensors are arranged to form 
a substantially rectangular bar. 

4. An imaging method as claimed in claim 3, characterized 
in that the said bar is arranged to be formed of one column 
(1 x N) of semiconductor sensors. 

5. An imaging method as claimed in claim 4, characterized 
in that the semiconductor sensors are arranged in the bar so 
that their coupling areas are located essentially on one side 
of the bar. 

6. An imaging method as claimed in any of the claims 3 to 6, 
characterized in that the bars are arranged to form a sen- 
sor matrix, in which the bars are arranged at a distance from 
one another so that the said distance between the bars is at 
most equal to the width of the active area formed by the semi- 
conductor sensors in the bars . 
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7. An imaging method as claimed in claim 6, characterized 
in that the outermost bars of the sensor matrix are arranged 
so that their active area comprises the outer edges of the im- 
age-forming surface. 

8. An imaging method as claimed in claim 3, characterized 
in that the said bar is arranged to comprise two columns (2 x 
N) of semiconductor sensors. 

9. An imaging method as claimed in claim 8, characterized 
in that the semiconductor sensors are arranged in the bar so 
that their coupling areas are located essentially on two sides 
of the bar. 

10. An imaging method as claimed in claim 8 or 9, character- 
ized in that the bars are arranged to form a sensor matrix, 
in which the bars are arranged at a distance from one another 
so that the said distance is at most equal to the width of the 
active area formed by the semiconductor sensors in the bars. 

11. An imaging method as claimed in any of the claims 1 to 10, 
characterized in that the radiation is limited essentially 
to the area covered by the sensors, for which limiting function 
a suitable collimator construction is preferably used. 

12. An imaging method as claimed in claim 11, characterized 
in that the collimator construction and the sensors are moved 
separately. 

13. An imaging method as claimed in any of the claims 1 to 12, 
characterized in that the movement of the collimator con- 
struction and/or the sensors is carried out by means of sole- 
noids . 

14. An imaging method as claimed in any of the claims 1 to 13, 
characterized in that CMOS sensors are used as the semi- 
conductor sensors . 



WO 00/36820 



14 



PCT/FI99/01028 



15. An imaging method as claimed in any of the claims 1 to 14, 
characterized in that the method is used in the context of 
mammographic imaging . 

5 16. An apparatus for digital imaging, in which imaging a radia- 
tion source is used for irradiating the object to be imaged and 
semiconductor sensors are used for detecting the radiation, 
whereby the semiconductor sensors (1) comprise an active area 
(A) , and in their three-dimensional structure, an area or areas 

10 for control couplings (K) , the area covered by the said semi- 
conductor sensors (1) being substantially smaller than the im- 
age-forming surface, characterized in that the apparatus 
comprises means for moving the semiconductor sensors (1) to a 
new position between two irradiations, in which apparatus the 

15 semiconductor sensors (1) and the means for moving them are ar- 
ranged so that the area covered by the semiconductor sensors 
(1) in their initial position, combined with the area covered 
by the semiconductor sensors (1) in their position after the 
move, cover the entire image -forming surface. 

20 

17. An apparatus as claimed in claim 16, characterized in 
that the coupling area (K) of the semiconductor sensor (1) is 
arranged on one of its sides. 

25 18. An apparatus as claimed in claim 16 or 17, characterized 
in that several semiconductor sensors (In) are arranged to 
form an essentially rectangular bar (2) . 

19. An apparatus as claimed in claim 18, characterized in 
30 that the said bar (2) comprises one column (1 x N) of semicon- 
ductor sensors (In) . 

20. An apparatus as claimed in claim 19, characterized in 
that the semiconductor sensors (In) are arranged in the bar 

35 (2) so that their coupling areas (K) are essentially located on 
one side of the bar (2) . 
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21. An apparatus as claimed in any of the claims 18 to 20, 
characterized in that the bars (2). form a sensor matrix 
(3) in which the bars (2) are arranged at a distance (A#) from 
one another, in such a way that the said distance (A#) is at 

5 most equal to the width of the active area (A) formed by the 
semiconductor sensors (In) in the said bars (2) . 

22. An apparatus as claimed in claim 21, characterized in 
that the active area (A) of the outermost bars (2) of the 

10 sensor matrix (3) comprises the outer edges of the image- 
forming surface . 

23. An apparatus as claimed in claim 18, characterized in 
that the said bar (2) comprises two columns (2 x N) of semi- 

15 conductor sensors (In) . 

24. An apparatus as claimed in claim 23, characterized in 
that the semiconductor sensors (In) are arranged in the bar 
(2) in such a way that their coupling areas (K) are essentially 

20 located on two sides of the bar (2) . 

25. An apparatus as claimed in claim 23 or 24, characterized 
in that the said bars (2) form a sensor matrix (3) in which 
the bars (2) are arranged at a distance (A#) from one another, 

2 5 in such a way that the said distance (A#) is at most equal to 
the width of the active area (A) formed by the semiconductor 
sensors (In) in the said bars (2) . 

26. An apparatus as claimed in any of the claims 16 to 25, 
30 characterized in that it comprises means for limiting ra- 
diation essentially to the area covered by the sensors (1) , the 
said means preferably comprising a suitable collimator con- 
struction (4, 5) . 

35 27. An apparatus as claimed in claim 26, characterized in 
that it comprises separate means for moving, on the one hand, 
the collimator construction (4, 5), and on the other, the sen- 
sors (1) . 
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28. An apparatus as claimed in any of the claims 16 to 27, 
characterized in that the said means for moving the 
collimators (4, 5) and/or the sensors (1) comprise a solenoid. 

29. An apparatus as claimed in any of the claims 16 to 28, 
characterized in that the semiconductor sensors (1) are 
CMOS sensors . 

30. A mammography apparatus comprising an apparatus as claimed 
in any of the claims 16 to 29 for the digital imaging of the 
tissue being imaged. 
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(57) Abstract 

A digital imaging method, in which the object being 
imaged is irradiated and the radiation is detected by means 
of semiconductor sensors (1), covering an area which is 
smaller than the image-forming surface. The semiconduc- 
tor sensors (1) are arranged in such a way that the im- 
age-forming surface can be imaged in two irradiations by 
moving the semiconductor sensors (1) between the irradi- 
ations. The radiation can be limited to the area covered 
by the sensors (1) by means of collimators (4). The semi- 
conductor sensors (1) are arranged to form advantageously 
rectangular bars (2), which comprise several semiconductor 
sensors (1) in the form of one or two columns, in which the 
bars (2) are arranged advantageously at a distance from one 
another, the said distance between the bars being at most 
equal to the width of the active area of the semiconductor 
sensors of the bars. 
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Method and apparatuses for digital imaging 

The object of the invention is a digital imaging method, in 
which method the object being imaged is irradiated and the ra- 
diation is detected by means of semiconductor sensors covering 
an area which is substantially smaller than the image-forming 
surface . 

Further objects of the invention are apparatuses for digital 
imaging, in which imaging a radiation source is used for irra- 
diating the object being imaged, and semiconductor sensors are 
used for detecting the radiation, whereby the area covered by 
the semiconductor sensors is substantially smaller than the im- 
age-forming surface. A special object of the invention is a 
mammography apparatus applying this technology. 

Different imaging methods are used for a variety of applica- 
tions. In imaging applications relating to medicine and bio- 
technology, among others, x-ray, gamma or beta radiation is 
typically passed through the object being imaged and further 
onto an image-forming surface. In recent years, alongside con- 
ventional film-based imaging methods digital imaging systems 
have been developed, the said digital imaging methods using 
semiconductor sensors such as CCD sensors (Charge Coupled De- 
vice) or CMOS sensors (Complementary Metal -Oxide Semiconductor) 
as the image-forming surface. 

Mammography is a typical area of application of digital imaging 
relating to medical technology which requires a large image- 
forming surface, typically at least of 18 x 24 cm, and also 
high resolution. In mammography, strict limits are also set for 
acceptable exposure to radiation. Mammographic imaging also re- 
quires an image -forming surface, whose active area extends on 
three sides as close to the outer edge of the imaging area as 
possible, in order that the chest and both armpits can be posi- 
tioned for imaging in such a way that as much tissue as possi- 
ble can be imaged. 
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Semiconductor sensors are typically made of silicon. One disad- 
vantage of this type of sensor is its high price, since with 
the increase in size of the sensor, the cost of its manufacture 
per surface area increases exponentially. The manufacture of 
one semiconductor sensor thus becomes extremely expensive in 
applications requiring an extensive image- forming surface. 

Attempts have been made to avoid the above problem by producing 
the image-forming surface in a mosaic-like manner from several 
smaller semiconductor sensors as described, for example, in GB 
patent publication 2 305 096. In this type of solution, it be- 
comes a problem to obtain a uniform image- forming surface, 
since one side of a rectangular semiconductor sensor is typi- 
cally reserved for control couplings. This means that all sides 
of the sensor cannot be connected to the active area of another 
sensor, but there will always remain a small gap between them. 
To compensate for the disadvantages caused by the gaps, various 
solutions based on lenses or fibre optics can be used, but the 
disadvantage of lenses is their poor efficiency and the use of 
fibre optics incurs major additional costs. In some applica- 
tions , attempts have been made to solve the problem by produc- 
ing a sensor with a extensive surface by means of a semiconduc- 
tor technique based on amorphous silicon, but the resolution 
obtainable in this manner is not sufficient for medical appli- 
cations requiring a high level of accuracy, as mammography. 

A known solution for obtaining a wide image -forming surface is 
to arrange semiconductor sensors in a chessboard-like fashion 
in rows and columns so that essentially every other chessboard 
pattern square comprises a semiconductor sensor in such a way 
that in one direction, for example parallel to the rows, the 
sensors extend beyond the chessboard pattern square, and corre- 
spondingly in the orthogonal direction, that is, parallel to 
the columns, there remains a gap between the sensors. In such a 
case the semiconductor sensor assembly is arranged to be mobile 
- in a way that the assembly can be moved twice in the direc- 
tion where there is a gap between the sensors, and the sensor 
assembly is irradiated in the initial position and after both 
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moves of the assembly. In this way the area covered by the sen- 
sor assembly as a whole - excluding the squares remaining on 
the edges of the image -forming surface - can be imaged by three 
exposures . 

The problem with the above arrangement is that the sensor as- 
sembly has to be moved and stopped for as many as three differ- 
ent exposures. This means that the mechanical structure of the 
imaging apparatus becomes difficult to implement, the frequent 
exposures place a load on the radiation source, and the imaging 
time is prolonged. 

To avoid excessive exposure to radiation, in medical applica- 
tions it is often necessary to arrange for collimation, that 
is, by means of shadowing, to limit radiation at any time only 
to the area covered by the sensors. The implementation of col- 
limation then causes a problem area of its own. Since, for ex- 
ample, a typical x-ray source focal spot is not an infinitely 
small point, but has finite dimensions, for example, of the or- 
der 0.3 x 0.3 mm, depending on the structure of the equipment, 
a half -shadowed area a few millimetres wide is formed at the 
edges of the radiation field, in which area radiation is incom- 
plete. Because of this, collimation must be planned so that 
there is a certain amount either of overlap or shortfall at the 
edge areas, in other words that the areas being imaged either 
overlap to some extent, or that there is no overlap. However, 
when the chessboard pattern according to the prior art is used, 
the overlap causes the radiation dose to double in the lattice- 
like area, at points even to triple, in the object being im- 
aged, and the shortfall on the other hand forms a lattice-like 
area in the image being formed, which area has less image in- 
formation than elsewhere, or where it is completely lacking. 

The edge areas of the image-forming surface constitute a fur- 
ther problem, since they cannot be irradiated completely. Empty 
squares remain on the edges of the image-forming surface, that 
is, image information is obtained only from the area of every 
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other square, in which case the edges of the image -forming sur- 
face form a kind of castellated pattern. 

The aim of the invention is to develop an imaging method and 
apparatuses for implementing the method in such a way that the 
foregoing problems can be solved, or at least the disadvantages 
caused by them can be diminished. These aims are achieved by 
means of the method and apparatuses, whose characteristic fea- 
tures are defined in the enclosed claims, especially in the 
characterising parts of the independent claims. 

The aims of the invention are achieved especially by arranging 
the semiconductor sensors so that the entire image-forming sur- 
face can be imaged by means of two irradiations, moving the 
semiconductor sensors only once between the two irradiations. 

According to one advantageous embodiment of the invention, the 
semiconductor sensors are arranged so as to form a bar having 
essentially the shape of a rectangle, so that the said bar com- 
prises several semiconductor sensors - in either one or two 
columns. The couplings for controlling the semiconductor sen- 
sors, and the other couplings needed, are then preferably situ- 
ated on one side of the sensor. 

According to a further advantageous embodiment of the inven- 
tion, the said bars are arranged at a distance from one another 
to form a sensor matrix so that the distance between the bars 
is at most equal to the width of the active area of the semi- 
conductor sensors of the said bars . 

The invention is based on arranging the semiconductor sensors 
in such a - preferably rectangular - form that by moving the 
semiconductor sensors from the first position to the second po- 
sition and by irradiating the object to be imaged in both posi- 
tions, the entire image- forming surface can be covered, which 
means that by combining these two images a uniform image of the 
entire image- forming surface is obtained. By means of a colli- 
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mator matrix it is possible in both positions to limit radia- 
tion only to the area covered by the semiconductor sensors. 

An advantage of the method and apparatus according to the in- 
vention is the easily implemented mechanical structure as re- 
gards both the sensor assembly and collimation. The sensor and 
collimator assembly can also be made plain to align and of ro- 
bust structure. As the number of exposures decreases, the ther- 
mal stress on the radiation source also decreases, on account 
of which the cooling of the radiation source does not consti- 
tute a significant problem, nor is it necessary to wait for the 
radiation source to cool, which would slow down imaging work. 
The time spent on imaging a single object is also reduced since 
the entire image - forming surface can be covered by just two ex- 
posures. Furthermore, the empty squares at the edge of the im- 
age-forming surface are eliminated, that is, straight edges are 
obtained for the image -forming surface, and the disadvantages 
caused by collimation described above are also less significant 
than in prior art solutions. 

The invention is described in greater detail below with the 
help of its advantageous embodiments and with reference to the 
enclosed figures, of which figures 

Figure 1 shows, by way of an example, an embodiment of the in- 
vention in the context of mammographic imaging, 

Figure 2a shows one advantageous structure of the sensor bar, 

Figure 2b shows another advantageous structure of the sensor 
bar, 

Figure 3 shows one advantageous structure of the sensor ma- 
trix, and 

Figure 4 shows one advantageous way of forming a sensor bar. 
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In Figure 1, the application of the invention is described by 
way of an example in the context of mammographic imaging, but 
the invention may obviously also be used for any other corre- 
sponding digital imaging. According to Figure 1, the semicon- 
ductor sensors 1 are arranged to form essentially rectangular 
sensor bars 2, which sensor bars 2 form a mobile sensor matrix 
3 . The sensor bars 2 are arranged in the sensor matrix 3 in a 
fixed position with respect to one another, so that between the 
sensor bars 2 remains a vacant area narrower than a sensor bar 

2. Collimation is carried out by means of essentially rectangu- 
lar collimators 4, which then form a mobile collimator matrix 
5, in which the collimators 4 are placed in a fixed position 
with respect to one another. The collimator matrix 5 is posi- 
tioned for imaging in such a way that the collimators 4 shadow 
the vacant areas between the sensor bars 2 of the sensor matrix 

3, as seen from the radiation source 6, in which case no radia- 
tion will be focused on these areas. The collimator construc- 
tion can be situated, as in Figure 1, either in the immediate 
vicinity of the object being imaged or at a distance from it - 
even in the immediate vicinity of the radiation source. The ob- 
ject 7 being imaged, in mammography typically the breast, is 
placed between the collimator matrix 5 and the sensor matrix 3 
and the object is irradiated with the radiation from the radia- 
tion source 6. The semiconductor sensors 1 detect the radiation 
they receive, on the basis of which digital image information 
is formed with the help of a sample and hold circuit 8 and an 
analog- to-digital converter 9. If necessary, the image informa- 
tion can be edited further, for example, to compensate for dark 
current and possible non-linearities. The image information is 
transmitted further either to processing means 10 or memory 
means 11. After this, and with the object 7 being imaged still 
remaining in the same position, the sensor matrix 3 is moved in 
the sideways direction so that the sensor bars 2 will cover es- 
sentially the same areas where the vacant areas between sensor 
bars 2 were situated before the move. In mammography, the ob- 
ject 7 being imaged, that is, the breast, is kept in place with 
the help of pressing means (not shown) . The collimator matrix 5 
is moved correspondingly so that the collimators 4 then shadow 
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the vacant areas between the sensor bars 2 conforming to the 
new position of the sensor matrix 3. The object 7 being imaged 
is irradiated for a second time with the new settings of the 
sensor matrix 3 and collimator matrix 5, and the image informa- 
tion formed on the basis of the second irradiation is combined 
with the image information formed on the basis of the first ir- 
radiation in the processing means 10. By means of two irradia- 
tions, therefore, an image of the entire image-forming surface 
can be obtained. 

With the solution described above considerable advantages are 
achieved with respect to the prior art. The mechanical struc- 
ture according to the invention is easier to implement as re- 
gards both the sensor matrix and collimation. The sensor matrix 
formed of rectangular sensor bars is plain to align and has a 
robust structure. The collimator matrix is also easy to con- 
struct and it is easy to align with respect to the sensor ma- 
trix. Furthermore, as the object being imaged is only irradi- 
ated twice, the load on the radiation source decreases, which 
prolongs its service life and speeds up the imaging work, be- 
cause the need to cool the radiation source is lessened, and 
the time spent on imaging a single object is also shortened. 

Compared with a uniform image - forming surface, the arrangement 
relating to the invention requires only half of the active sur- 
face area of the semiconductor sensors. On the other hand, when 
using, for example, CMOS sensors, the invention can, if so de- 
sired, be realised so that no arrangement based on lenses or 
fibre optics will be needed to compensate for the gaps between 
the semiconductor sensors. 

As the sensor and collimator matrix are only moved once, the 
accuracy of a move carried out in only one direction needs to 
be looked after. It is, therefore, possible to dimension and 
align the collimator matrix in such a way that the overlap of 
the areas being irradiated is significantly reduced, and thus 
the disadvantages of collimation are diminished in comparison 
to known solutions. 



WO 00/36820 



8 



PCT/FI99/01028 



The final formation of a digital image can be carried out by 
connecting the imaging equipment with a computer, in which case 
the computer's memory and processing means can be utilised. The 
processing means 10 relating to Figure 1 can also be realised, 
for example, by a dedicated Application Specific Integrated 
Circuit (ASIC) , to which are connected memory means 11, for ex- 
ample, a FLASH memory. The formation of final image information 
is known as such to a person skilled in the art, and its more 
detailed description is not necessary for the implementation of 
the invention. 

According to one advantageous embodiment of the invention, the 
sensor bars 2 to be placed in the sensor matrix 3 are formed of 
semiconductor sensors 1, which are substantially smaller than 
the sensor bars 2 . Figures 2a and 2b show two advantageous ways 
of arranging the semiconductor sensors 1 to form a sensor bar 
2. In both figures, the sensor bar 2 comprises semiconductor 
sensors la, lb, , . . , which are arranged to form a rectangular 
sensor bar 2. A typical semiconductor sensor In comprises an 
active area A, which is used for detecting the radiation re- 
ceived, and a coupling area K, through which the control sig- 
nals of the sensor In and the charge readout, that is, in this 
case the collection of image information, are transmitted. In a 
semiconductor In, at least one side is typically reserved for 
the coupling area K, and thus the semiconductor sensor In can 
advantageously be connected to another semiconductor sensor In 
on three sides, as shown in Figure 2b, if it is desirable that 
the active areas of the sensors form a uniform surface. The 
sensor bar 2 can thus be formed of either one (1 x N) or two (2 
x N) columns of semiconductor sensors In. The distance between 
sensor bars 2 in the sensor matrix 3 is determined on the basis 
of the width #A of the active area A of the semiconductor sen- 
sors 1 used, in other words, the maximum distance between the 
sensor bars 2 can, in the case of single column sensor bars 2, 
equal the width #A of A (Figure 3) , or in the case of sensor 
bars with two columns, 2 x the width of A, that is, 2 x #A. 
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When the sensor bar 2 is formed of semiconductor sensors In 
which are substantially smaller than the sensor bar 2, no large 
and therefore expensive semiconductor sensors are required. 
Further cost savings ensue from the fact that if a single semi- 
conductor sensor In is damaged, it can be replaced without hav- 
ing to replace the entire sensor bar 2. 

Figure 3 shows an advantageous manner of arranging the sensor 
bars 2 according to the invention, so that the image-forming 
surface is made as large as possible and the edges of the im- 
age-forming surface become uniform. The sensor bars 2 consist 
of one column (1 x N) of semiconductor sensors In, in which 
case the outermost sensor bars 2 are placed so that the cou- 
pling area K of the semiconductor sensors In is placed towards 
the inside of the sensor matrix 3. The image- forming surface 
will then extend over the entire area covered by the sensor ma- 
trix 3 and the so-called castellated pattern will not be formed 
on the edges of the image-forming surface. The positioning of 
the coupling areas of the sensor bars 2 inside the sensor ma- 
trix 3 may be selected freely, provided that the vacant areas 
between the sensor bars are correctly dimensioned. The sensor 
bars 2 may obviously also be formed of two columns (2 x N) of 
semiconductor sensors In, but if the outermost sensor bars 2 
are also formed in this manner, the active area of the sensor 
matrix 3 cannot be made to extend sideways all the way to the 
edges of the image- forming surf ace . 

An application of the invention may obviously also be envisaged 
where a sensor matrix is constructed of different types of sen- 
sor bars, that is, for example sensor bars with active areas of 
varying widths, one or two columns, having coupling areas on 
opposite sides and/or even sensor bars based on different tech- 
nologies. However, and especially if this type of sensor bar is 
used in applications where radiation has to be limited to the 
sensor matrix area, some of the advantages obtained with the 
invention may be lost . 
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According to one advantageous embodiment of the invention, the 
movements of the collimator matrix and sensor matrix are not 
connected to each other, but each matrix is moved separately. 
This is preferably done by first moving the sensor matrix into 
its new position and then aligning the collimator matrix ac- 
cording to the sensor matrix. The invention may, however, natu- 
rally also be implemented so that the movements of the collima- 
tor matrix and sensor matrix are synchronised. 

The movement of the sensors and/or collimators may be carried 
out, for example, by means of solenoids or separate servomo- 
tors. The use of a solenoid is especially recommended since it 
is an economical, accurate and reliable component. The inven- 
tion particularly makes it possible to use solenoids since, ac- 
cording to the invention, the sensors and/or collimators need 
to be moved only between two positions. 

According to one advantageous embodiment of the invention, the 
semiconductor sensors are CMOS sensors based on direct detec- 
tion of radiation, the said sensors having certain advantages 
compared with conventional semiconductor sensors. With the CMOS 
sensors improved resolution is achieved compared with conven- 
tional semiconductor sensors and due to the parallel bus type 
data transfer, they enable more rapid transfer of image infor- 
mation. CMOS technology is the most widely applied semiconduc- 
tor technology, which means that the availability of CMOS cir- 
cuits is good, and their production costs will fall as the 
technology develops . 

Figure 4 shows an advantageous way, in accordance with the in- 
vention, of forming the sensor bar of CMOS sensors. The CMOS 
sensors 13, 14, . . . are connected to a preferably rectangular 
radiation detector 12 with substantially the same external di- 
mensions as the bar. The detector 12 is preferably made of 
doped silicon (Si) or a cadmium zinc telluride compound 
(CdZnTe) . Between the top and bottom surfaces of the detector 
is generated a biasing voltage Ur, by means of which the charge 
generated by the radiation is collected to the nearest pixel. 
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The charge generated is transmitted to the CMOS sensors 13, 14, 
which are connected to the detector 12, preferably by means 
of microscopic ball conductors, that is, by means of so-called 
bump bonding. In the coupling area of the CMOS sensors, control 
signals can be fed to the sensors and the radiation detected 
can be read by means of pins at the end of the sensors, for the 
purpose of forming image information. The detection of radia- 
tion by means of CMOS sensors is known as such to a person 
skilled in the art. 

In accordance with the invention, semiconductor sensors known 
as such, which are based on the use of lenses or fibre optics, 
can obviously also be used, in which case the coupling areas 
can also be located in the three-dimensional structure of the 
sensor on a surface that allows the whole width of the sensor 
to be utilised as an active radiation-detecting area. This 
means, however, that some of the advantages achieved with the 
invention are at the same time lost. 

Although the invention is described above by way of an example 
in the context of mammography, it can obviously also be used in 
connection with any other similar imaging application. In ac- 
cordance with the invention, any radiation that is detectable 
by semiconductor sensors can be used. 

The invention is particularly useful in imaging applications 
relating to medical technology, where x-ray or gamma radiation 
is typically used, and in biotechnical applications where beta 
radiation is typically used. The invention is furthermore ap- 
plicable to industrial testing and quality control methods 
utilising radioscopy . 

It is obvious to a person skilled in the art that as technology 
develops, the basic idea of the invention can be implemented in 
various ways, which means that its different embodiments are 
not limited to the foregoing examples, but may vary within the 
scope of protection defined in the enclosed claims. 
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Claims 

1. A digital imaging method, in which method the object being 
imaged is irradiated and the radiation is detected by means of 
semiconductor sensors, which comprise an active area, and in 
their three-dimensional structure an area or areas for control 
couplings, whereby the area covered by the semiconductor sen- 
sors is substantially smaller than the image-forming surface of 
the object being imaged, characterized in that the object 
being imaged is irradiated twice and the semiconductor sensors 
are moved to a new position between the irradiations, in which 
case the sensors are arranged to cover the image -forming sur- 
face so that the entire image- forming surface can be imaged. 

2. An imaging method as claimed in claim 1, characterized 
in that the coupling area of the semiconductor sensor is ar- 
ranged on one of its sides. 

3. An imaging method as claimed in claim 1 or 2 , character- 
ized in that the semiconductor sensors are arranged to form 
a substantially rectangular bar. 

4. An imaging method as claimed in claim 3, characterized 
in that the said bar is arranged to be formed of one column 
(1 x N) of semiconductor sensors. 

5. An imaging method as claimed in claim 4, characterized 
in that the semiconductor sensors are arranged in the bar so 
that their coupling areas are located essentially on one side 
of the bar. 

6. An imaging method as claimed in any of the claims 3 to 6, 
characterized in that the bars are arranged to form a sen- 
sor matrix, in which the bars are arranged at a distance from 
one another so that the said distance between the bars is at 
most equal to the width of the active area formed by the semi- 
conductor sensors in the bars . 
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7. An imaging method as claimed in claim 6, characterized 
in that the outermost bars of the sensor matrix are arranged 
so that their active area comprises the outer edges of the im- 
age-forming surface . 

8. An imaging method as claimed in claim 3, characterized 
in that the said bar is arranged to comprise two columns (2 x 
N) of semiconductor sensors. 



10 9. An imaging method as claimed in claim 8, characterized 
in that the semiconductor sensors are arranged in the bar so 
that their coupling areas are located essentially on two sides 
of the bar. 



15 10. An imaging method as claimed in claim 8 or 9 , character- 
ized in that the bars are arranged to form a sensor matrix, 
in which the bars are arranged at a distance from one another 
so that the said distance is at most equal to the width of the 
active area formed by the semiconductor sensors in the bars. 

20 

11. An imaging method as claimed in any of the claims 1 to 10, 
characterized in that the radiation is limited essentially 
to the area covered by the sensors, for which limiting function 
a suitable collimator construction is preferably used. 

25 

12. An imaging method as claimed in claim 11, characterized 
in that the collimator construction and the sensors are moved 
separately. 



30 13. An imaging method as claimed in any of the claims 1 to 12, 
characterized in that the movement of the collimator con- 
struction and/or the sensors is carried out by means of sole- 

_3 n 



35 



14. An imaging method as claimed in any of the claims 1 to 13 , 
characterized in that CMOS sensors are used as the semi- 
conductor sensors . 
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15. An imaging method as claimed in any of the claims 1 to 14, 
characterized in that the method is used in the context of 
mammographi c imaging . 

16. An apparatus for digital imaging, in which imaging a radia- 
tion source is used for irradiating the object to be imaged and 
semiconductor sensors are used for detecting the radiation, 
whereby the semiconductor sensors (1) comprise an active area 
(A), and in their three-dimensional structure, an area or areas 
for control couplings (K) , the area covered by the said semi- 
conductor sensors (1) being substantially smaller than the im- 
age-forming surface, characterized in that the apparatus 
comprises means for moving the semiconductor sensors (1) to a 
new position between two irradiations , in which apparatus the 
semiconductor sensors (1) and the means for moving them are ar- 
ranged so that the area covered by the semiconductor sensors 
( 1 ) in their initial position, combined with the area covered 

by the semiconductor sensors (1) in their position after the 
move, cover the entire image - forming surface. 

17. An apparatus as claimed in claim 16, characterized in 
that the coupling area (K) of the semiconductor sensor (1) is 
arranged on one of its sides. 

18. An apparatus as claimed in claim 16 or 17, characterized 
in that several semiconductor sensors (In) are arranged to 
form an essentially rectangular bar (2) . 

19. An apparatus as claimed in claim 18, characterized in 
that the said bar (2) comprises one column (1 x N) of semicon- 
ductor sensors (In) . 

2 0 . An apparatus as claimed in claim 19, characterized in 
that the semiconductor sensors (In) are arranged in the bar 
(2) so that their coupling areas (K) are essentially located on 
one side of the bar (2) . 
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Digitaalinen kuvantamismenetelma ja laitteita digitaali- 
sessa kuvantamisessa 

Keksinnon kohteena on digitaalinen kuvantamismenetelma, 
5 jossa menetelmassa kuvannettavaa kohdetta sateilytetaan ja 
sateily ilmaistaan puoli johdeantureilla, joiden kattama 
alue on olennaisesti pienempi kuin kuvanmuodostuspinta . 

Edelleen keksinnon kohteena ovat laitteet digitaalisessa 
10 kuvantamisessa, jossa kuvantamisessa kaytetaan sateilylah- 
detta kuvannettavan kohteen sateilyttamiseksi ja puoli j oh - 
deantureita sateilyn ilmaisemiseksi , jolloin puolijohde- 
antureiden kattama alue on olennaisesti pienempi kuin ku- 
vanmuodostuspinta. Erityisesti keksinnon kohteena on tal- 
15 laista tekniikkaa soveltava mammograf ialaite . 

Erilaisia kuvant ami smene t e lmi a kaytetaan monenlaisissa 
sovelluksissa . Mm. laaketieteen ja biotekniikan kuvanta- 
missovelluksissa on tyypillista johtaa kuvannettavan koh- 

20 teen lapi ja edelleen kuvanmuodostuspinnalle rontgen- , 
gamma- tai beta-sateilya . Viime vuosina on perinteisten 
f ilmipohj aisten kuvantamismenetelmien rinnalle kehitetty 
digitaalisia kuvant ami sme ne t e 1 mi a , j oissa kuvanmuodostus- 
pintana kaytetaan puoli j ohdeantureita , kuten CCD-antureita 

25 (Charge -Coupled Device) tai CMOS-antureita (Complementary 
Metal -Oxide Semiconductor) . 

Mammografia on tyypillinen laaketieteelliseen tekniikkaan 
liittyva digitaalisen kuvantamisen sovellusalue , jossa 

30 edellytetaan laajaa kuvanmuodostuspintaa , tyypillisesti 
vahintaan kokoa 18 x 24 cm, ja suurta resoluut iota . 
Mammograf iassa asetetaan myos tiukat raj at hyvaksyttavalle 
sateilyaltistukselle . Mammograf iakuvaus edellyttaa myos 
kuvanmuodostuspintaa, jonka aktiivinen alue ulottuu 

35 kolmelta sivultaan mahdollisimman lahelle kuvantamisalueen 
ulkoreunaa, jotta rintakeha ja molemmat kainalot voidaan 
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asettaa kuvausta varten niin, etta mahdollisimman paljon 
kudosta saadaan nakyviin. 

Puoli j ohdeanturit valmistetaan tyypillisesti piista. 
5 Tallaisten anturien yksi haittapuoli on kalleus, silla 
anturin koon kasvaessa sen valmistuskustannukset pinta- 
alaa kohti kasvavat eksponentiaalisesti . Yhden puoli johde- 
anturin valmistaminen tulee nain erittain kalliiksi sovel- 
lutuksissa, joissa tarvitaan laajaa kuvanmuodostuspintaa . 

10 

Edella kuvattua ongelmaa on yritetty kiertaa valmistamalla 
kuvanmuodostuspinta mosaiikkimaisest i useista pienemmista 
puoli johdeantureista, kuten on kuvattu esimerkiksi GB-pa- 
tentti julkaisussa 2305096. Tallaisissa ratkaisuissa ongel- 

15 maksi muodostuu yhtenaisen kuvanmuodostuspinnan aikaansaa- 
minen, koska suorakaiteen muotoisesta puoli j ohdeanturista 
tyypillisesti yksi reuna on varattu ohj auskytkennoille . 
Talloin anturien kaikkia reunoja ei voida liittaa toisen 
anturin aktiiviseen alueeseen, vaan niiden valiin jaa aina 

20 pieni rako. Rakojen aiheuttamien haittojen kompensoimisek- 
si voidaan kayttaa erilaisia linsseihin tai kuituoptiik- 
kaan perustuvia ratkaisuja, mutt a linssien haittana on 
huono hyotysuhde ja kuituoptiikan kaytto aiheuttaa suuria 
lisakustannuksia . Joissakin sovelluksissa ongelmaa on yri- 

25 tetty ratkaista valmistamalla laa j apintainen anturi amor- 
fiseen piihin perustuvalla puoli johdetekniikalla , mutta 
talloin saavutettavissa oleva resoluutio ei riita suurta 
tarkkuutta edellyttaviin laaketieteellisiin sovellutuk- 
siin, kuten esimerkiksi mammograf iaan . 

30 

Eras tunnettu ratkaisu laajan kuvanmuodostuspinnan 
aikaansaamiseksi on puoli j ohdeantureiden j ar j estaminen 
shakkilautakuvion omaiseen muotoon riveiksi ja sarakkeiksi 
siten, etta olennaisesti joka toinen shakkilautakuvion 
35 ruutu kasittaa puoli j ohdeanturin niin, etta yhteen 
suuntaan, esimerkiksi rivien suuntaisesti antureilla on 
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ylitysta suhteessa shakkilautakuvion ruutuun ja vastaa- 
vasti ortogonaaliseen suuntaan eli sarakkeiden suuntaises- 
ti antureiden valiin jaa rako . Talloin puoli j ohdeanturi- 
asetelma jarjestetaan liikkuvaksi siten, etta asetelma on 
5 siirrettavissa kahdesti suuntaan, jossa antureiden valilla 
on rako, ja anturiasetelma sateilytetaan alkuasennossa se- 
ka molempien asetelman siirtojen jalkeen. Talloin koko an- 
turiasetelman kattama pinta-ala lukuunottamatta kuvan- 
muodostuspinnan reunoille jaavia ruutuja saadaan kuvattua 
10 kolmella valotuksella . 

Ongelmana ylla kuvatussa j ar j estelyssa on, etta anturi- 
asetelma joudutaan siirtamaan ja pysayttamaan perati kol- 
mea eri valotusta varten. Nain kuvantamislaitteen mekaa- 
15 ninen rakenne muodostuu vaikeaksi toteuttaa, useat valotu- 
kset kuormittavat sateilylahdetta ja kuvausajasta tulee 
pitka . 

Liiallisen sateilyalt istuksen valttamiseksi on laaketie- 

20 teellisissa sovelluksissa usein valttamatonta kollimoinnin 
jar jestaminen eli sateilyn rajaaminen varjostuksen avulla 
vain antureiden kullakin hetkella kattamalle alueelle. 
Kollimoinnin toteutus muodostaa talloin oman ongelma- 
alueensa . Kun esimerkiksi tyypillinen rontgensateilylahde 

25 ei ole pistemainen vaan sen ulkomitat ovat aarelliset, 
esimerkiksi luokkaa 0,3 x 0,3 mm, muodostuu laitteiston 
rakenteesta riippuen kuvannettavan kohteen reuna-alueille 
muutaman millimetrin levyinen puolivarjon alue, jolla 
sateily ei ole taysimaaraista. Taman johdosta kollimointi 

30 on suunniteltava siten, etta reuna-alueille muodostuu joko 
ylitysta tai alitusta, ts. etta kuvannettavat alueet joko 
menevat hiukan paallekkain tai etta minkaanlaista paal- 
lekkaisyytta ei synny. Tekniikan tason mukaista shakki- 
lautakuviota kaytettaessa ylitys kuitenkin aiheuttaa 

35 ristikonmuotoisella alueella sateilyannoksen kaksinker- 
taistumisen, pisteittain jopa kolminkertaistumisen kuvan- 
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nettavassa kohteessa, j a alitus puolestaan muodostuvaan 
kuvaan ristikonmuotoisen alueen, jossa kuvainf ormaatiota 
on vahemman kuin muualla tai josta se puuttuu kokonaan. 

5 Edelleen ongelman muodostavat kuvanmuodostuspinnan reuna- 
alueet, joita ei saada kokonaan sateilytettya . Kuvanmuo- 
dostuspinnan reunoille jaa tyhjat ruudut , ts. vain joka 
toisen ruudun alueelta saadaan kuvainf ormaatiota, jolloin 
kuvanmuodostuspinnan reunat muodostavat eraanlaisen lin- 
10 nanmuurikuvion . 

Keksinnon tavoitteena on kehittaa kuvantamismenetelma j a 
menetelmaa toteuttavia laitteita siten, etta ylla mainitut 
ongelmat saadaan ratkaistua tai ainakin niiden haittoja 
15 pienennettya. Nama tavoitteet saavutetaan menetelmalla ja 
laitteilla, joiden tunnusomaiset piirteet on maaritelty 
oheisissa patenttivaatimuksissa , erityisesti itsenaisten 
vaatimusten tunnusmerkkiosissa . 

20 Erityisesti keksinnon tavoitteet saavutetaan j ar j estamalla 
puoli j ohdeanturit siten, etta koko kuvanmuodostuspinta on 
kuvannettavissa kahdella sateilytyksella siirtamalla puoli - 
johdeantureita ainoastaan kerran sateilytysten valissa. 

25 Keksinnon yhden edullisen suoritusmuodon mukaan puoli- 
j ohdeanturit jarjestetaan olennaisesti suorakaiteen muotoi- 
seksi palkiksi siten, etta mainittu palkki kasittaa useita 
puoli johdeantureita, joko yhden tai kaksi sarakkeellista . 
Edullisesti puoli j ohdeantureiden ohjaamiseen ja rnuut tar- 

30 vittavat kytkennat sijoitetaan talloin anturin yhdelle si- 
vulle . 

Edelleen keksinnon yhden edullisen suoritusmuodon mukaan 
mainitut palkit jarjestetaan etaisyyden paahan toisistaan 
35 muodostamaan anturimatriisi siten, etta etaisyys palkkien 
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valilla on korkeintaan yhta suuri kuin mainittujen palkkien 
puoli johdeantureiden aktiivisen alueen leveys . 

Keksinto perustuu puoli j ohdeanturien jarjestamiseen sel- 
5 laiseen, edullisesti suorakaiteenomaiseen muotoon, etta 
puoli johdeantureita ensimmaisesta asennosta toiseen asen- 
toon siirtamalla ja sateilyttamalla kuvannettava kohde 
molemmissa asennoissa koko kuvanmuodostuspinta saadaan 
katetuksi, jolloin nama kaksi kuvaa yhdistamalla saadaan 
10 yhtenainen kuva koko kuvanmuodostuspinnasta . Kaihdinmat - 
riisin avulla sateily on mahdollista rajata molemmissa 
asennoissa vain puoli j ohdeantureiden kattamalle alueelle. 

Keksinnon mukaisen menetelman ja laitteen etuna on hel- 
15 posti toteuttavissa oleva mekaaninen rakenne seka anturi- 
asetelman etta kollimoinnin suhteen. Anturi- ja kaihdin- 
asetelmasta saadaan myos selkeasti kohdistettava ja 
rakenteeltaan tukeva . Valotuskertoj en vahentyessa myos 
sateilylahteen lampokuormi tus pienenee, minka ansiosta 
20 sateilylahteen jaahdytys ei muodostu merkittavaksi ongel- 
maksi eika kuvausten valissa jouduta odottamaan kuvan- 
tamistyota hidastavaa sateilylahteen jaahtymista. Myos 
yksittaisen kohteen kuvaamiseen kaytettava aika lyhenee, 
kun koko kuvanmuodostuspinta saadaan katettua jo kahdella 
25 kuvauksella. Edelleen paastaan eroon kuvanmuodostuspinnan 
reunan tyhjista ruuduista, ts. saadaan suorat kuvanmuo- 
dostuspinnan reunat , ja myos edella kuvatut kollimoinnista 
aiheutuvat haitat ovat pienempia kuin tunnetun tekniikan 
mukaisissa ratkaisuissa . 

30 

Keksintoa selostetaan nyt lahemmin sen edullisten suori- 
tusmuotojen avulla ja oheisiin kuvioihin viittaamalla, 
joista kuvioista 

35 kuvio 1 esittaa keksinnon esimerkinomaista toteutusta mam- 
mogr a f i akuvauksen yh t eyde s s a , 
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kuvio 2a esittaa yhta edullista anturipalkin rakennetta, 

kuvio 2b esittaa toista edullista anturipalkin rakennetta, 

5 

kuvio 3 esittaa yhta edullista ant ur ima t r i i s i r akenne 1 1 a ja 

kuvio 4 esittaa yhta edullista anturipalkin muodostusta- 
paa . 

10 

Kuviossa 1 keksinnon toteutusta kuvataan esimerkinomai- 
sesti mammograf iakuvauksen yhteydessa, mutta luonnollises - 
ti keksintoa voidaan kayttaa missa tahansa muussa vastaa- 
vassa digitaalisessa kuvantamisessa . Kuvion 1 mukaisesti 

15 puoli johdeanturit 1 jarjestetaan olennaisesti suorakaiteen 
muotoisiksi anturipalkeiksi 2, joista anturipalkeista 2 
muodostuu liikkuva anturimatriisi 3. Anturipalkit 2 jar- 
jestetaan anturimatriisiin 3 toisiinsa nahden kiinteasti 
siten, etta anturipalkkien 2 valiin jaa anturipalkkia 2 

20 kapeampi tyhja alue . Kollimointi toteutetaan olennaisesti 
suorakaiteen muotoisilla kaihtimilla 4, jotka puolestaan 
muodostavat liikkuvan kaihdinmatriisin 5, jossa kaihtimet 

4 on asetettu toisiinsa nahden kiinteasti. Kaihdinmatriisi 

5 asetetaan kuvausta varten siten, etta kaihtimet 4 var- 
25 jostavat sateilylahteesta 6 katsottuna anturimatriisin 3 

anturipalkkien 2 valiset tyhjat alueet, jolloin naille 
alueille ei kohdistu sateilya. Kaihdinrakenne voidaan si- 
joitaa joko kuten kuviossa 1 kuvannet tavan kohteen 
valittomaan laheisyyteen tai etaisyyden paahan siita, jopa 

30 aivan sateilylahteen valittomaan laheisyyteen. Kuvannet - 
tava kohde 7, mammograf i as sa tyypillisesti rinta, asete- 
taan kaihdinmatriisin 5 ja anturimatriisin 3 valiin ja 
koh-detta sateilytetaan sateilylahteesta 6 saatavalla 
sateilylla. Puoli j ohdeantur it 1 ilmaisevat vastaanottaman- 

35 sa sateilyn, jonka perusteella muodostetaan digitaalinen 
kuvainf ormaatio naytteenotto- ja pitopiirin 8 ja analogia- 
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digitaalimuuntimen 9 avulla. Kuvainf ormaat iota voidaan 
tarvittaessa muokata lisaa esimerkiksi pimeavirran ja 
mahdollisten epal ineaari suuks ien kompensoimiseksi . Kuvain- 
formaatio siirretaan eteenpain joko prosessointivalineille 
5 10 tai muistielimelle 11. Taman jalkeen ja kuvannettavan 
kohteen 7 pysyessa paikoillaan anturimatriisia 3 siirre- 
taan sivuttaissuunnassa siten, etta anturipalkit 2 peit- 
tavat olennaisesti samat kohdat, missa ennen siirtoa oli 
anturipalkkien 2 valiset tyhjat kohdat . Tyypillisesti mam- 

10 mografiassa kuvannettava kohde 7 eli rinta pidetaan 
paikallaan puristusvalineiden (ei kuvattu) avulla. Kaih- 
dinmatriisia 5 siirretaan vastaavasti siten, etta kaih- 
timet 4 varjostavat nyt anturimatriisin 3 uuden sijainnin 
mukaiset anturipalkkien 2 valiset tyhjat alueet . Kuvan- 

15 nettava kohde 7 sateilytetaan toisen kerran anturimat- 
riisin 3 ja kaihdinmatriisin 5 uusilla asetuksilla, ja en- 
simmaisen sateilytyksen perusteella muodostettuun kuvain- 
f ormaatioon yhdistetaan toisen sateilytyksen perusteella 
muodostettava kuvainf ormaat io prosessointivalineissa 10 . 

20 Nain kahdella sateilytyksella saadaan muodostettua kuva 
koko kuvanmuodostuspinnasta . 

Edella kuvatulla ratkaisulla saavutetaan huomattavia etuja 
tunnettuun tekniikkaan nahden. Keksinnon mukainen mekaa- 

25 ninen rakenne on helpompi toteuttaa seka anturimatriisin 
etta kollimoinnin suhteen. Suorakaiteen muotoisista antu- 
ripalkeista muodostuva anturimatriisi on selkeasti kohdis- 
tettavissa ja se on rakenteeltaan tukeva . Kaihdinmatriisi 
on myos helppo rakentaa ja se on helposti kohdistettavissa 

30 anturimatriisin suhteen. Edelleen kun kuvannettavaa koh- 
detta sateilytetaan vain kahdesti sateilylahteen kuormitus 
pienenee, mika pidentaa sen kayttoikaa ja nopeuttaa ku- 
vantamistatyota sateilylahteen j aahdytystarpeen pienenty- 
essa, ja myos yksittaisen kohteen kuvant ami seen kuluva ai- 

35 ka lyhenee . 
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Yhtenaiseen kuvanmuodostuspintaan verrattuna keksinnon 
mukaisessa j ar j estelyssa tarvitaan vain puolet puoli johde- 
antureiden aktiivisesta pinta-alasta . Toisaalta esimerkik- 
si CMOS-antureita kaytettaessa keksinto voidaan haluttaes- 
5 sa toteuttaa siten # etta minkaanlaisia linsseihin tai ku- 
ituoptiikkaan perustuvia j ar j estelyj a puoli j ohdeantureiden 
valisten rakojen kompensoimiseksi ei tarvita. 

Kun anturi- ja kaihdinmatriisia siirretaan vain kerran, 
10 joudutaan huoiehtimaan ainoastaan yhteen suuntaan toteu- 
tettavan siirron tarkkuudesta . Nain kaihdinmatriisin m- 
toitus ja kohdistus on mahdollista tehda siten, etta yli- 
tys sateilytettavissa alueissa vahenee merkittavasti ja 
siten kollimoinnin haitat tunnettuihin ratkaisuihin ver- 
15 rattuna pienenevat. 

Digitaalisen kuvan lopullinen muodostaminen voidaan tehda 
kytkemalla kuvantamislaitteisto tietokoneeseen, jolloin 
voidaan hyodyntaa tietokoneen muistia ja prosessoint i - 

20 valineita. Kuvion 1 mukaiset prosessointivalineet 10 voi- 
daan myos toteuttaa esimerkiksi dedikoidulla ACID-piirilla 
(Application Specific Integrated Circuit) , jonka yhteyteen 
on liitetty muist ivalineet 11, esimerkiksi FIiASH-muist ia . 
Sinansa lopullisen kuvainf ormaation muodostaminen on alan 

25 ammattimiehelle tunnettua tekniikkaa eika sen tarkempi 
selostaminen ole keksinnon toteutuksen kannalta tarpeen. 

Keksinnon yhden edullisen totetutusmuodon mukaan anturi - 
matriisiin 3 asetettavat anturipalkit 2 muodostetaan antu- 

30 ripalkkeja 2 olennaisesti pienemmista puoli j ohdeantureista 
1. Kuvioissa 2a ja 2b on kuvattu kaksi edullista tapaa 
jarjestaa puoli j ohdeanturit 1 anturipalkiksi 2. Molemmissa 
kuvioissa anturipalkki 2 kasittaa puoli j ohdeantureita la, 
lb, ... , jotka on jarjestetty suorakaiteen muotoiseksi 

35 anturipalkiksi 2. Tyypillinen puoli j ohdeanturi In kasittaa 
aktiivisen alueen A, jota kaytetaan vastaanotetun sateilyn 
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ilmaisemiseen ja kytkentaalueen K, jota kautta valitetaan 
anturin In ohj aussignaalit ja varausten purku eli tassa 
tapauksessa kuvainf ormaation keruu. Puoli j ohdeanturissa In 
on tyypillisesti vahintaan yksi reuna varattu kytken- 
5 taalueelle K, joten puoli j ohdeanturi In voidaan edullises- 
ti liittaa toiseen puoli j ohdeanturiin In kolmelta reunalta 
kuvion 2b mukaisesti, mikali halutaan antureiden aktii- 
visten alueiden muodostavan yhtenaisen pinnan. Anturi- 
palkki 2 voidaan nain muodostaa joko yhdesta (1 x N) tai 

10 kahdesta (2 x N) sarakkeesta puoli j ohdeantureita In. 
Anturipalkkien 2 valinen etaisyys anturimatriisissa 3 maa- 
raytyy kaytettavien puoli j ohdeantureiden 1 aktiivisen 
alueen A leveyden #A mukaan, ts. anturipalkkien 2 valinen 
etaisyys voi maksimissaan olla yhden sarakkeen anturipalk- 

15 kien 2 tapauksessa A:n leveyden #A verran (kuvio 3) tai 
kahden sarakkeen anturipalkkien yhteydessa 2 x A:n leveys 
eli 2 x #A. 

Kun anturipalkki 2 muodostetaan olennaisesti anturipalkkia 
20 2 pienemmista puoli j ohdeantureista In, ei tarvita suuri- 
kokoisia ja siten kalliita puoli j ohdeantureita . Edelleen 
kustannuksia saastaa se, etta yksittaisen puolijohde- 
anturin In vioittuessa se voidaan vaihtaa uuteen ilman, 
etta koko anturipalkki 2 j ouduttaisiin vaihtamaan. 

25 

Kuvio 3 esittaa keksinnon mukaista tapaa jarjestaa antu- 
ripalkit 2 edullisesti siten, etta kuvanmuodostuspinta 
muodostuu mahdollisimman suureksi ja kuvanmuodostuspinnan 
reunat saadaan yhtenaisiksi . Anturipalkit 2 muodostuvat 

30 yhdesta sarakkeesta (1 x N) puoli j ohdeantureita In, 
jolloin uloimmaiset anturipalkit 2 asetetaan siten, etta 
puoli j ohdeantureiden In kytkentaalue K sijoitetaan kohti 
anturimatriisin 3 sisapuolta. Talloin kuvanmuodostuspinta 
kattaa koko anturimatriisin 3 peittaman alueen eika ns . 

35 linnanmuurikuviota muodostu kuvanmuodostuspinnan reunoil- 
le. Anturimatriisin 3 sisapuolisten anturipalkkien 2 
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kytkentaalueiden sijoitus voidaan valita vapaasti, kunhan 
anturipalkkien valiset tyhjat alueet mitoitetaan oikein. 
Anturipalkit 2 voidaan luonnollisesti muodostaa myos kah- 
desta sarakkeesta (2 x N) puoli j ohdeantureita In, mutta 
5 jos myos reunimmaiset anturipalkit 2 muodostetaan talla 
tavoin, ei anturimatriisin 3 aktiivista aluetta saada 
ulottumaan sivusuunnassa aivan kuvantamispinnan reunoihin 
asti . 

10 Luonnollisesti keksintoa voidaan myos ajatella sovellet- 
tavaksi rakentamalla anturimatriisi , jossa on erilaisia, 
siis esimerkiksi eri levyisia aktiivisia alueita omaavia, 
seka yksi- etta kaksisarakkeisia, vastakkaisilla sivuilla 
olevia kytkentaalueita omaavia ja/tai jopa eri tekniikkaan 

15 perustuvia anturipalkke j a . Kuitenkin ja erityisesti jos 
tallaisia anturimatriise j a kaytetaan sovellutuksissa , 
joissa sateily on rajoitettava anturimatriisin alueelle, 
saatetaan samalla menettaa joitakin keksinnolla saavutet- 
tavissa olevia etuja. 

20 

Keksinnon yhden edullisen suoritusmuodon mukaan kaihdin- 
matriisin ja anturimatriisin liikkeet eivat ole kytkettyja 
toisiinsa, vaan kumpaakin matriisia liikutetaan erikseen. 
Edullisesti tama tehdaan siten, etta ensin siirretaan 
25 anturimatriisi uuteen asemaansa ja sen jalkeen kohdis- 
tetaan kaihdinmatriisi anturimatriisin mukaan. Luonnol- 
lisesti keksinto voidaan kuitenkin toteuttaa myos siten, 
etta kaihdinmatriisin ja anturimatriisin liikkeet ovat 
synkronoituj a . 

30 

Anturien ja/tai kaihtimien liike voidaan toteuttaa esimer- 
kiksi solenoideilla tai erillisilla servomoottoreilla . 
Erityisesti solenoidin kaytto on suositeltavaa , koska se 
on halpa 7 tarkka ja luotettava komponentti . Keksinto ni- 
35 menomaan mahdollistaa solenoidien kayton, kun sen mukai- 
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sesti antureita ja/tai kaihtimia tarvitsee siirtaa ainoas- 
taan kahden aseman valilla. 

Keksinnon yhden edullisen suoritusmuodon mukaan puoli - 
5 johdeanturit ovat sateilyn suoraan ilmaisuun perustuvia 
CMOS-antureita, joilla on tiettyja etuja perinteisiin 
puoli j ohdeantureihin nahden. CMOS - ant ur e ilia saavutetaan 
parempi resoluutio kuin perinteisilla puoli j ohdeantureilla 
ja rinnakkaisvaylatyyppisen t iedonsiirron ansioista ne 
10 mahdollistavat kuvainf ormaation nopeamman siirtamisen. 
CMOS- teknologia on yleisimmin sovellettava puolijohde- 
teknologia, minka ansioista CMOS-piirien saatavuus on hyva 
ja niiden valmistuskustannukset pienenevat teknologian 
kehittyessa . 

15 

Kuviossa 4 on kuvattu eras edullinen tapa muodostaa CMOS- 
antureista keksinnon mukainen anturipalkki . CMOS-anturit 
13, 14, . . . liitetaan edullisesti suorakaiteen muotoi- 
seen, olennaisesti palkin ulkomitat kasittavaan sateilyn 

20 ilmaisimeen 12. Ilmaisin 12 on valmistettu edullisesti 
seostetusta piista (Si) tai kadmiumsinkkitelluriidiyhdis - 
teesta (CdZnTe) . Ilmaisimen yla- ja alapinnan valiin gene- 
roidaan biasoint i j annite U r , jonka avulla sateilyn synnyt- 
tama virta kerataan lahimman pikselin kohdalle. Syntyva 

25 virta johdetaan CMOS-antureille 13, 14, . . jotka on 

liitetty ilmaisimeen 12 edullisesti mikroskooppisen pien- 
ten pallojohteiden eli ns . palloj uotoksen (bump bonding) 
avulla. CMOS-antureiden kytkentaalueella, antureiden paas- 
sa sijaitsevien liit innasto j en avulla antureille voidaan 

30 seka syottaa kontrollisignaale j a etta lukea ilmaistu sa- 
teily kuvainf ormaation muodostamista varten. Sateilyn il- 
maisu CMOS-antureiden avulla on alan ammattimiehelle si- 
nansa tunnettua. 

35 Keksinnon mukaisesti voidaan tietysti kayttaa myos sinansa 
tunnettuja linssien tai kuituopt iikan kayttoon perustuvia 
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puoli j ohdeantureita, jolloin kytkentaalueet on mahdollista 
sijoittaa anturin kolmiulotteisessa rakenteessa myos sel- 
laiselle pinnalle, etta anturin koko leveys saadaan hyo- 
dynnetyksi sateilya ilmaisevana aktiivisena alueena . Tal- 
5 loin kuitenkin samalla menetetaan osa keksinnolla saavu- 
tettavissa olevista eduista. 

Vaikka keksintoa on edella kuvattu esimerkinomaisesti mam- 
mografiaan liittyen, voidaan sita luonnollisesti kayttaa 
10 myos minka tahansa muun vastaavan kuvantamissovellutuksen 
yhteydessa. Keksinnon mukaisesti voidaan kayttaa mita ta- 
hansa puoli j ohdeantureiden ilmaistavissa olevaa sateilya. 

Erityisen hyodyllinen keksinto on laaket ieteellisen tek- 
15 niikan kuvantamissovellutuksissa, joissa tyypillisesti 
kaytetaan rontgen- tai gammasateilya , ja biotekniikan so- 
velluksissa, joissa tyypillisesti kaytetaan betasateilya . 
Edelleen keksinto on sovellettavissa lapivalaisua hyodyn- 
tavissa teollisissa testaus- ja laaduntarkastusmenetel - 
20 missa. 

Alan ammattilaiselle on ilmeista, etta tekniikan kehit- 
tyessa keksinnon perusajatus voidaan toteuttaa monin eri 
tavoin, jolloin sen eri suoritusmuodot eivat rajoitu ylla 
25 kuvattuihin esimerkkeihin, vaan ne voivat vaihdella oheis- 
ten patenttivaatimusten maaritteleman suojapiirin puit- 
teissa . 
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Patent tivaatimukset 

1. Digitaalinen kuvan t ami smene t e 1 ma , jossa menetelmassa 
kuvannettavaa kohdetta sateilytetaan ja sateilya ilmaistaan 
5 puoli johdeantureilla, jotka kasittavat aktiivisen alueen ja 
kolmiulotteisessa rakenteessaan alueen tai alueita ohjaus- 
kytkentoja varten, jolloin puoli johdeanturien kattama alue 
on olennaisesti pienempi kuin kuvannettavan kohteen kuvan- 
muodostuspinta, tunnettu siita, etta kuvannettavaa 
10 kohdetta sateilytetaan kaksi kertaa ja puoli j ohdeantureita 
siirretaan uuteen asemaan sateilytysten valissa, jolloin 
anturit jarjestetaan kattamaan kuvanmuodostuspinta siten, 
etta.koko kuvanmuodostuspinta saadaan kuvannetuksi . 

15 2. Patenttivaatimuksen 1 mukainen kuvantamismenetelma, 
tunnettu siita, etta puoli j ohdeanturin kytkentaalue 
jarjestetaan sen yhdelle sivulle. 

3. Patenttivaatimuksen 1 tai 2 mukainen kuvantamismenetel - 
20 ma, tunnettu siita, etta puoli j ohdeanturit jarjestetaan 

muodostamaan olennaisesti suorakaiteen muotoinen palkki . 

4. Patenttivaatimuksen 3 mukainen kuvantamismenetelma, 
tunnettu siita 7 etta mainittu palkki jarjestetaan 

25 muodostumaan yhdesta sarakkeesta (1 x N) puoli j ohdeantu- 
reita . 

5. Patenttivaatimuksen 4 mukainen kuvantamismenetelma, 
tunnettu siita, puoli j ohdeanturit jarjestetaan palkis- 

30 sa siten, etta niiden kytkentaalueet sijaitevat olennai- 
sesti palkin yhdella sivulla. 

6. Jonkin patenttivaatimuksen 3-6 mukainen kuvantamis- 
menetelma, tunnettu siita, etta palkeista muodostetaan 

35 anturimatiriisi , jolloin palkit jarjestetaan etaisyyden 
paahan toisistaan siten, etta mainittu etaisyys on 
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korkeintaan yhta suuri kuin puoli j ohdeantureiden palkeissa 
muodostaman aktiivisen alueen leveys. 

7. Patenttivaatimuksen 6 mukainen kuvantamismenetelma, 
5 tunnettu siita, etta anturimatriisin uloimmat palkit 

jarjestetaan siten, etta niiden aktiivinen alue kasittaa 
kuvanmuodostuspinnan ulkoreunat . 

8. Patenttivaatimuksen 3 mukainen kuvantamismenetelma, 
10 tunnettu siita, etta mainittu palkki jarjestetaan 

kasittamaan kaksi saraketta (2 x N) puoli j ohdeantureita . 

9. Patenttivaatimuksen 8 mukainen kuvantamismenetelma, 
tunnettu siita, etta puoli j ohdeanturit jarjestetaan 

15 palkissa siten, etta niiden kytkentaalueet sijaitsevat 
olennaisesti palkin kahdella sivulla. 

10. Patenttivaatimuksen 8 tai 9 mukainen kuvantamis- 
menetelma, tunnettu siita, etta palkeista muodostetan 

20 anturimatiriisi , jolloin palkit jarjestetaan etaisyyden 
paahan toisistaan siten, etta mainittu etaisyys on kor- 
keintaan yhta suuri kuin puoli j ohdeantureiden palkeissa 
muodostaman aktiivisen alueen leveys. 

25 11. Jonkin patenttivaatimuksen 1-10 mukainen kuvantamis- 
menetelma, tunnettu siita, etta sateily rajataan olen- 
naisesti anturien kattamalle alueelle, jossa rajaamisessa 
kaytetaan edullisesti sopivaa kaihdinrakennetta . 

30 12. Patenttivaatimuksen 11 mukainen kuvantamismenetelma, 
tunnettu siita, etta kaihdinrakennetta ja antureita 
liikutetaan erikseen. 

13. Jonkin patenttivaatimuksen 1-12 mukainen kuvantamis- 
35 menetelma, tunnettu siita, etta kaihdinrakenteen ja/tai 
anturien liike toteutetaan solenoidien avulla. 



15 
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14. Jonkin patenttivaatimuksen 1-13 mukainen kuvantamis- 
menetelma, tunnettu siita, etta puoli j ohdeantureina 
kaytetaan CMOS-antureita . 

5 

15. Jonkin patenttivaatimuksen 1-14 mukainen kuvantamis- 
menetelma, tunnettu siita, etta menetelmaa kaytetaan 
mammograf iakuvauksen yhteydessa. 

10 16. Laite digitaalisessa kuvantamisessa , jossa kuvantami- 
sessa kaytetaan sateilylahdetta kuvannettavan kohteen sa- 
teilyttamiseksi ja puoli johdeantureita sateilyn ilmai- 
semiseksi, jolloin puoli j ohdeantur it (1) kasittavat aktii- 
visen alueen (A) ja kolmiulotteisessa rakenteessaan alueen 

15 tai alueita ohj auskytkentoj a varten (K) ja joiden puoli- 
johdeantureiden (1) kattama alue on olennaisesti pienempi 
kuin kuvanmuodostuspinta , tunnettu siita, etta laittee- 
seen kuuluu valineet siirtamaan puoli j ohdeantureita (1) uu- 
teen asemaan kahden sateilytyksen valissa, jolloin puoli- 

20 johdeanturit (1) ja valineet niiden siirtamiseksi on jar- 
jestetty siten, etta puoli johdeantureiden (1) kattama alue 
alkuasemassaan yhdistettyna puoli j ohdeantureiden (1) katta- 
ma an alueeseen siirretyssa asemassaan kattavat koko kuvan- 
muodostuspinnan . 

25 

17. Patenttivaatimuksen 16 mukainen laite, tunnettu 
siita, etta puoli j ohdeanturin (1) kytkentaalue (K) on jar- 
jestetty sen yhdelle sivulle. 

30 18. Patenttivaatimuksen 16 tai 17 mukainen laite, 
tunnettu siita, etta useasta puoli j ohdeanturista (In) 
on jarjestetty muodostumaan olennaisesti suorakaiteen muo- 
toinen palkki (2) . 
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19. Patenttivaatimuksen 18 mukainen laite, tunnettu 
siita, etta mainittu palkki (2) kasittaa yhden sarakkeen (1 
x N) puoli johdeantureita (In) . 

5 20. Patenttivaatimuksen 19 mukainen laite, tunnettu 
siita, puoli j ohdeantur it (In) on jarjestetty palkissa (2) 
siten, etta niiden kytkentaalueet (K) sijaitsevat olen- 
naisesti palkin (2) yhdella sivulla. 

10 21. Jonkin patenttivaatimuksen 18-20 mukainen laite, tun- 
nettu siita, etta palkit (2) muodostavat anturimatriisin 
(3) , jossa palkit (2) sijaitsevat etaisyyden (A#) paassa 
toisistaan siten, etta mainittu etaisyys (A#) on korkein- 
taan yhta suuri kuin puoli j ohdeantureiden (In) mainituissa 

15 palkeissa (2) muodostaman aktiivisen alueen (A) leveys. 

22. Patenttivaatimuksen 21 mukainen laite, tunnettu 
siita, etta anturimatriisin (3) uloimpien palkkien (2) ak- 
tiivinen alue (A) kasittaa kuvanmuodostuspinnan ulkoreunat . 

20 

23. Patenttivaatimuksen 18 mukainen laite, tunnettu 
siita, etta mainittu palkki (2) kasittaa kaksi saraketta (2 
x N) puoli j ohdeantureita (In) . 

25 24. Patenttivaatimuksen 23 mukainen laite, tunnettu 
siita, etta puoli j ohdeanturit (In) on jarjestetty palkissa 
(2) siten, etta niiden kytkentaalueet (K) sijaitsevat 
olennaisesti palkin (2) kahdella sivulla. 

30 25. Patenttivaatimuksen 23 tai 24 mukainen laite, 
tunnettu siita, etta mainitut palkit (2) muodostavat 
anturimatiriisin (3) , jossa palkit (2) sijaitsevat etaisyy- 
den (A#) paassa toisistaan siten, etta mainittu etaisyys 
(A#) on korkeintaan yhta suuri kuin puoli j ohdeantureiden 

35 (In) mainituissa palkeissa (2) muodostaman aktiivisen alu- 
een (A) leveys. 
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26. Jonkin patenttivaatimuksen 16-25 mukainen laite, 
tunnettu siita, etta siihen kuuluu valineet sateilyn 
raj aamiseksi olennaisesti anturien (1) kattamalle alueel- 

5 le, jotka valineet kasittavat edullisesti sopivan kaihdin- 
rakenteen (4, 5) . 

27. Patenttivaatimuksen 26 mukainen laite, tunnettu 
siita, etta siina on erilliset valineet yhtaalta kaihdin- 

10 rakenteen (4, 5) ja toisaalta anturien (1) liikuttamiseksi . 

28. Jonkin patenttivaatimuksen 16-27 mukainen laite, 
tunnettu siita, etta mainitut valineet kaihtimien (4, 
5) ja/tai anturien (1) liikuttamiseksi kasittavat sole- 

15 noidin. 

29. Jonkin patenttivaatimuksen 16 - 28 mukainen laite, 
tunnettu siita, etta puoli j ohdeanturit (1) ovat CMOS- 
antureita . 

20 

30. Mammograf ialaitteisto, johon kuuluu minka tahansa vaa- 
timuksen 16-2 9 mukainen laite kuvannettavan kudoksen digi- 
taaliseksi kuvantamiseksi . 



Ml 
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(57) Tiivistelma 

Digitaalinen kuvan t ami smene t e lma , j ossa 
kuvannettavaa kohdetta sateilytetaan ja sateily 
ilmaistaan puoli j ohdeantureilla (1) , joiden 
kattama alue on pienempi kuin kuvanmuodostus- 
pinta. Puoli j ohdeanturit (1) j arj estetaan si- 
ten, etta kuvanmuodostuspinta voidaan kuvata 
kahdella sateilytyksella siirtamalla puoli joh- 
deantureita (1) sateilytysten valissa. Sateily 
voidaan rajata antureiden (1) kattamalle alalle 
kaihtimin (4). Puoli j ohdeanturit (1) jarjes- 
tetaan edullisesti suorakaiteen muotoisiksi 
palkeiksi (2), jotka kasittavat useita puoli- 
johdeantureita (1) yhden tai kahden sarakkeen 
muodossa, jolloin palkit (2) jarj estetaan edul- 
lisesti etaisyyden paahan toisistaan, joka 
etaisyys on korkeintaan yhta suuri kuin palk- 
kien puoli j ohdeantureiden aktiivisen alueen le- 
veys . 
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1 | the claims: 
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pages 
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. as amended (together with any statement) under article 1 9 
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, filed with the letter of 



| 1 the drawings: 
pages 
pages 
pages 



, as originally filed 
, filed \vilh the demand 



filed with the letter of 



| | the sequence listing part of the description: 

pages 

pages 
pages 



, as originally filed 
, filed with the demand 



. filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language m which 
the international application was filed, unless otherwise indicated under this item. 
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the language of publication of the international application (under Rule 48.3(b)). 
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' ' international application as filed has been furnished. . 
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| | the description, pages 

| | the claims, Nos, 



| | the drawings, shccl/fig 
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bevond 



port has been established as if (some of) the amendments had not been made, since they have been considered to go 
I the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are annexed to tins report since they do not contain amendments (Rules 70 J 6 
and 7(117). 

** Any replacement sheet containing such amendments must he referred to wider item I and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I . Statement 

Novelty (N) 

Inventive step (IS) 



Claims 
Claims 



1-30 



Claims 1-30 
Claims 



Industrial applicability (IA) Claims 1-30 

Claims 



Y1£S 
NO 

Yl-S 
NO 

YES 
NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a digital imaging method 
whereby semiconductor sensors, covering an area smaller than 
the image-forming surface, are used for detection. The sensors 
are moved to new positions between irradiations, so that the 
entire image- forming surface can be imaged in two 
irradiations. 

The following documents are cited in the International Search 
Report : 



Dl 


US 


5572037 


A 


D2 


US 


4245158 


A 


D3 


GB 


2186149 


A 


D4 


WO 


9515072 


A 


D5 


EP 


0854644 


A 


D6 


US 


5150394 


A 



Document Dl relates to a scanning-type digital imaging 
apparatus for generating large area images with high 
resolution. The method according to this document is similar 
to the method according to the invention. However, the 
invention according to claim 1 differs from document Dl in 
respect to moving the semiconductor sensors between 
irradiations and irradiating the object only twice. This may 
be important because frequent exposures place a load on the 
radiation source and the imaging time is thus prolonged. 
Therefore, the invention according to claim 1 is considered to 
be novel and may also be considered to involve an inventive 
step . 

The above stated arguments are also applicable to the 
invention according to claim 16. 

Document D2 describes the general state of the art and relates 
to a soft x-ray spectrometric imaging system. .../... 
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(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: V 



Document D3 defines the general state of the art and relates 
to image differencing using masked CCD for an X-ray system, 
including a masked region, which comprises a storage zone 
into which charge patterns from unmasked pixels may be 
transferred by fast parallel shifting. 

Document D4 describes prior art and relates to a digital scan 
mammography system. 

Documents D5 and D6 also describe prior art. However, none of 
the documents D1-D6 are considered to be of particular 
relevance . 
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